Abstract. The aim of the study was to evaluate selected physical and microbiological air parameters. The analysis was conducted during the spring, summer, fall and winter in a box-stall stable with Wielkopolski horses. The physical air parameters were measured according to generally established methods used in livestock science. The air was evaluated for microbial contamination by the impaction method; 12 samplings were carried out using a SAS 100 sampler located in three sampling sites of the stable: the initial, middle, and end part of the building. The numbers of the following microbes were determined in the analyzed air: total bacteria, Enterobacteriaceae cells, streptococci, mannitol positive staphylococci, hemolytic bacteria, actinomycetes and total molds and yeast-like fungi. Measurements of temperature and humidity parameters showed that the average air temperature in the stables was lowest in the winter, 8.2°C with humidity 76.2%, whereas the highest average air temperatures, which averaged 21.2°C with the lowest relative humidity of 60.2%, were recorded in the summer. The other air physical parameters corresponded to the minimum requirements for horses. Microbiological analyses of air samples revealed the presence of bacteria belonging to the Enterobacteriaceae family, staphylococci, streptococci, as well as fungi that can adversely affect the health of horses and people in the stables. We the found air microbial contamination above the standard level, and it depended on microclimate conditions and the season.
INTRODUCTION
In relation to other livestock animals, horses are characterized by higher requirements of environment quality, particularly in terms of air physical characteristics. The most important indicators of the internal microclimate in the stable include temperature, relative humidity, air speed, lighting, cooling and the concentration of harmful gases [Fiedorowicz and Łochowski 2008] . The main factors that negatively affect the microclimate in the stable include facility design flaws, improperly functioning ventilation and overcrowding [Schatzmann 1998 ]. Physical air parameters that exceed the optimum standards may negatively impact the health of the horses, including their physical and mental condition [Kolbuszewski and Bombik 1989] . However, horses housed at low temperatures may adapt and tolerate critically low temperatures, i.e. -15°C [McBride et al. 1983 , Cymbaluk 1994 .
Microbial contamination of the air inside livestock animal facilities is an important factor that affects the welfare of the animals. This environment promotes the proliferation and growth of many microorganisms including bacteria, viruses, mold-and yeast-like fungi [Karwowska 2005 ]. The amounts of microorganisms in the air inside livestock buildings depend on the species, their health status, the surface-to-volume ratio of the building, housing and nutrition system, and physical parameters of air [Duchaine et al. 2000 , Chang et al. 2001 , Budzińska and Jurek 2006 . The risk of contamination of the air, walls, floors and bedding in livestock facilities is increased when the farming environment is the source of a humid and warm microclimate, in which both bacteria and fungi proliferate particularly easily. According to Zucker et al. [2000] , the air of animal housing facilities is dominated by three families of bacteria: Enterobacteriaceae, Pseudomonadaceae and Neisseriaceae. The authors indicate that the most commonly isolated Enterobacteriaceae strains are Enterobacter agglomerans and Escherichia coli; the bedding and feeds are the sources of the former strain, whereas the latter come mainly from the manure. The airborne infectious and opportunistically infectious bacteria include Mycoplasma hyopneumoniae, Pasteurella haemolytica, Salmonella typhimurium and Staphylococcus aureus. It has been shown that dust particles suspended in the air in stables contain high levels of bacterial endotoxins, which contribute to the incidence of allergic diseases and other equine chronic diseases [Elfman et al. 2009 ]. Moreover, recurrent airway obstruction (RAO) has often been diagnosed in horses. This disease results from inhaling the air containing organic dust particles, mostly coming from hay and the bedding. Air dust has revealed pathogenic fungi such as Feania rectivirgula, Aspergillus fumigatus and Thermoactinomyces vulgaris, which can cause inflammation of the lower respiratory tract [Niedźwiedź et al. 2006] .
The aim of the study was to evaluate selected physical and microbiological air parameters in a box-stall stable that housed horses.
MATERIAL AND METHODS
The study was carried out in a stable in an agritourism farm, which housed 17 Wielkopolski horses. The horses were housed in individual box stalls, on a deep bedding. The surface are of a single box stall was 9 m 2 . Manure was removed once a week, whereas disinfection of the building was carried out once a year by liming the walls and floors. The building was equipped with a gravity ventilation. At designated places inside the stable, we measured the following physical parameters: temperature, air relative humidity and air speed, which was measured using a microclimate analyzer MM-01. For the measurement of air dustiness, we applied the calculation method using the Zeiss conimeter, and natural light measurement was performed using a light meter type L-51. Measurements of these air parameters were performed according to the methods specified by Kośla [2011] .
Air samples for microbial contamination analysis were collected in the spring, summer, fall, and winter by the impaction method using a SAS 100 sampler. Three measuring sites were designated inside the stable: P1 -in the initial part, P2 -in the middle, and P3 -at the end of the building Tripods with the analytical equipment were placed at a height of 1.50 m. Each air sample was collected in three replications. The numbers of the following microbes were determined in the analyzed air: total bacteria, Enterobacteriaceae bacteria, streptococci, mannitolpositive staphylococci, hemolytic bacteria, actinomycetes and total mold-and yeast-like fungi. The following culture media were used in the study: nutrient agar, MacConkey's agar, Streptococcus-selective agar, Chapman mannitol agar, blood agar, Pochon medium, Sabouraud agar with chloramphenicol and agar with Rose Bengal chloramphenicol (RBC). Species composition of the mold-like fungi was determined by culture on agar blocks from which slides were made and stained with lactophenol cotton blue. Macroscopic features of the colonies were defined and microscopic observations were carried out. Taxonomy was determined using available systematics sources. Yeast-like fungi were identified using the Api 20 C AUX diagnostic kit.
RESULTS AND DISCUSSION
The measurements of temperature and humidity showed that the average air temperature in the stable was lowest in the winter, 8.2°C, at the humidity 76.2% (Table 1 ). In the summer the highest air temperatures were recorded, averaging 21.2°C, accompanied by the lowest relative humidity of 60.2%. Thermal and hu-midity factors are important for the welfare and health status of horses. It should be noted that adult horses have a higher tolerance to low temperatures and better tolerate lower temperature ranges, although the conditions in the studied stable were in conformity with the standards specified in the Ordinance of the Minister of Agriculture and Rural Development of 28 June 2010 [DzU nr 116, poz. 778]. The microclimate parameters in livestock facilities are an important factor affecting the welfare of animals [Kołacz and Dobrzański 2006 , Kośla 2011 , Kośla and Porowska 2013 . The minimum standards for welfare of horses state that air temperature in the stables should not be lower than 4-6°C for adult horses [Kośla 2011 ], while Morgan [1998] proposed the thermo-neutral range for horses to be 5 to 25°C. According to Kośla and Porowska [2013] , air temperatures in older-type buildings during the winter months ranging on average 5.1 to 5.6°C, while the highest temperatures were found in the summer, remaining in the range 22.2-26.0°C. Witkowska et al. [2012] report -based on measurements conducted throughout the year -that temperatures were slightly higher inside the stable than outside of the building, and this difference ranged from 0.7 to 2.6°C. In turn, the winter relative humidity inside the stable was higher than the outside of it by about 20%. The authors found that the factors that shape thermal and humidity parameters in the stable may include the design of the building and the quality of thermal insulation. Microclimate studies carried out by Karwowska [2005] in livestock buildings demonstrated that relative humidity at low air temperatures, in the range of 10-13°C, remained in the range 80-90%. On the other hand, Sowińska et al. [2015] reported relative humidity inside horse-housing facilities ranged from 85.14 to 92.26%, at a temperature of from 5.09 to 7.79°C. In the analyzed building, average air speed was 0.23 m · s -1 during the winter, which is consistent with the standard recommendations for the facilities for horses (0.3 m · s -1 ). Łojek et al. [2009] obtained similar results of studies in the winter. In other seasons, we found that the minimum standard was exceeded by 0.07 m · s -1 in the spring, 0.13 m · s -1 in the summer, and about 0.34 m · s -1 in the fall. Similar to our findings, Kośla and Porowska [2013] point out that in the autumn the speed of air movement can be exceeded, especially in old stables. On the other hand, Bombik et al. [2009] reported a slight excess in the speed above the standard values for air movement, as the average remained in the range of 0.31 m · s -1 , in a boxstall stable, to 0.44 m · s -1 , in a tie-stall stable. In our stable, the natural lighting was supported with artificial lighting, with daylight illumination provided by 1:15 window-to-floor area, which complies with the standards for premises where horses are kept [Fiedorowicz 2007 ]. According to Houpt and Houpt [1988] horses prefer living in a place with a high level of solar illumination. The illumination in the analyzed stable remained at an average level of 41 to 75 lx. Fiedorowicz and Łochowski [2008] report that in accordance with the technological standards of housing systems for horses the internal illumination should be in the range of 25 to 100 lx. Bombik et al. [2009] found lower light intensities in tie-stall and box-stall stables, which were 31.5 and 19.2 lx, respectively. On the other hand, those carried out in box-stall stables alone revealed a higher value of lighting, in the range 50.0 to 59.4 lx [Bombik et al. 2011] . Kośla and Porowska [2013] report that the intensity of natural lighting in the stables was dependent on the season of year, stall types and location of the building. Our studies revealed that air-suspended dustiness was highest in the summer, 319 particles in 1 cm 3 , whereas in the other seasons, the number of particles did not exceed 200 particles in 1 cm 3 , which -according to the Kovacs scale -classified the air as moderately polluted [Kołacz and Dobrzański 2006] . The number of dust particles in the air inside livestock facilities should not exceed 400 per 1 cm 3 [Kośla 2011] . Table 2 and Figures 1-4 present the quantitative composition of microorganisms isolated from the air in the studied stable. The air in the stable was characterized by a strong microbial contamination. The lowest total number of bacteria was recorded during the winter, at a level of 3.74 to 5.92×10 4 CFU · m -3 . In the other studied periods, the number of microorganisms ranged from 1.04×10 5 to 5.90×10 5 CFU · m -3 . Comparing the results to those proposed as standard for this type of buildings (5.0×10 4 CFU · m -3 ) by Krzysztofik [1992] , it must be assumed that the air was contaminated, since the total number of bacteria calculated from the individual measuring points exceeded the recommended standards. The results obtained here are similar to those reported by Witkowska et al. [2012] . On the other hand Samadi et al. [2009] reported the total number of bacteria in the air of a stable in the range of 1.22 to 7.82×10 3 CFU · m -3 . In the air of the studied stable, a significant number of bacteria belonging to the Enterobacteriaceae family, 2-3 log CFU · m -3 , was found throughout the study period. From the sanitaryepidemiological point of view, the presence of pathogenic microorganisms and potentially pathogenic in the air constitute a health hazard to humans and animals [Machnicka andŻelazny 2005] . Our results showed a high degree of air contamination by streptococcus, the number of which ranged from 7.06×10 2 (winter) to 3.40×10 3 CFU · m -3 (spring). Among the isolated streptococcus, there is a high probability of pathogenic bacteria or opportunistic bacterial pathogens. Czernomysy-Furowicz et al. [2010] report that the species Streptococcus equi can cause acute or chronic inflammation of the lymph nodes of the head and neck. In horses, these microorganisms cause an epidemic disease-scrofula. In our study, the analysis were on the presence of potentially pathogenic staphylococci, mannitol-positive and hemolytic, whose number was varied in different periods of the study. The lowest number of these microorganisms were found in winter and spring, which ranged from 1 to 2 log CFU · m -3 . On the other hand, summer and autumn levels of hemolytic staphylococci in the air of the stable were within 3 log units (Figs. 1-4) . According to the recommendations given by Krzysztofik [1992] , the number of hemolytic bacteria in the air in a barn should not exceed 5×10 2 CFU in 1 m 3 . Our study showed that in the summer and autumn, the number of hemolytic staphylococci exceeded the recommended level. According to Kluczek [2000] , the most often isolated microorganisms in the air in livestock facilities were staphylococci, reaching ) in the air of the stable during the summer; for explanations see Fig. 1 Rys. 2. Średnia liczba mikroorganizmów (log jtk · m -3 ) w powietrzu stajni w okresie letnim; oznaczenia jak na rys. 1 30-40%. Other more common pathogens were Enterobacteriaceae, Enterococci, Pseudomonas, and Candida yeast. In turn, the study by Martin et al. [1996] found that the most frequently identified bacteria in livestock facilities were: Aerococcus viridians, Enterococcus durans, Micrococcus spp. Staphylococcus hominis, S. sciuri, S. simulans, Bacillus spp., Cornynebacterium spp., Acinetobacter calcoaceticus, Enterobacter agglomerans, Pasteurella spp. In our study, a large group of bacteria isolated from stable air samples were actinomycetes, the number of which oscillated within the range 3.52×10 3 to 9.03×10 3 colonies in 1 m 3 . Elfman et al. [2009] confirms the dominance of actinomycetes in the horse-stable air, while pointing out that the highest numbers of actinomycetes occurred in February and March, with Streptomyces spp. being the most commonly identified species. These microorganisms are commonly isolated from different backgrounds, but most primary place of isolation is the soil, while the most common source of these bacteria in livestock facilities is the bedding and feed [Solecka et al. 2013] . Elfman et al. [2009] and Samadi et al. [2009] reported that actinomycetes in livestock houses, which are associated with particles of dust and organic dusts, may adversely affect the respiratory system of humans and animals. Filamentous fungi are very abundant in the air of livestock premises. The count of these microorganisms in the air depends on many factors, the most important being the season of year, air temperature, stocking density, the system of ventilation, and the hygienic state of the premises [Kiliszczyk et al. 2013] . The bioaerosol particles comprises fungi and their spores, as well as mycotoxins produced by toxigenic fungi [Kaźmierczuk et al. 2004] . Our analysis of air samples revealed mold-like fungi at the level of 1.53×10 3 to 4.78×10 3 CFU · m -3 , and yeast-like fungi from 2.50×10 2 to 2.93×10 3 CFU · m -3 . Nardoni et al. [2005] also noted a high concentration of microscopic fungi in the air of horse stables, which ranged from 1750 to 3000 CFU · m -3 . A similar degree of mycological pollution of the air in facilities for horses was reported by Witkowska et al. [2012] . In our study of air samples isolated species of fungi of the genera Aspergillus, Penicillium, Mucor, Cladosporium and Rhizopus, as well as yeast-like fungi: Candida, Cryptococcus, Rhodotorula (Table 3) . Elfman et al. [2009] most frequently identified in horse-stable air samples such fungi as Cladosporium spp., Alternaria spp. and Aspergillus fumigatus. Fungi present in the air of livestock facilities can have a negative effect on animals and humans. According to Breitenbach and Simon-Noble [2002] , spores of Alternaria, Cladosporium, Fusarium, Mucor and Aspergillus may cause inhalant allergies. Furthermore, in humans with impaired immune, fungi can cause superficial and systemic fungal infections. It was found that some species of fungi that produce mycotoxins can be inhaled into the body or introduced with food and cause mutagenic, carcinogenic and immunotoxic consequences [Pitt 2000 ]. In the analyzed air, potentially toxigenic fungi have been found, with the particular concerning presence of Aspergillus flavus. Accordingly, there is a need for continuous monitoring of microbiological contamination of the air in facilities for horses and carrying out disinfections, since under adverse environmental conditions and reduced immunity of the horses, the identified species of microorganisms can cause a variety of diseases including respiratory disorders.
CONCLUSIONS
The study showed that the air in the analyzed stable for horses was characterized by appropriate physical parameters not deviating from the recommended standards for animals. However, we found significant microbiological contamination, which depended on the microclimate conditions and the season of the year. We have found the number of microbes above the acceptable standards and microorganisms which may adversely affect the health of horses and people present in the stable. The analyzed air samples were found to contain bacteria belonging to the family Enterobacteriaceae, staphylococci, streptococci and fungi that under impaired immunity of the horses can cause respiratory diseases.
